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Age  estimation  of  individuals  is  necessary  to  assess  population  dynamics  and  to  help  man-
agers  in  the  conservation  of  endangered  populations  (Johnston  et  al.  1987).  Two  methods
are  commonly  used  to  determine  the  age  of  carnivores:  counting  of  cementum  annuli
(CCA)  and  measurement  of  canine  pulp  cavity  (CPC)  (Grue  and  Jensen  1979;  Johnston
et  al.  1987).  The  CCA  method  is  based  on  the  yearly  addition  of  a  layer  of  cementum  on
the  outer  surface  of  the  tooth  root  (Johnston  et  al.  1987;  Klevezal  and  Kleinenberg
1967).  The  CPC  technique  rehes  on  the  progressive  accumulation  of  dentine  in  the  pulp
cavity,  which  tends  to  narrow  with  age  (Johnston  et  al.  1987).  The  aim  of  the  present
study  was  to  determine  the  feasibility  of  these  complementary  age  techniques  for  the  en-
dangered  Iberian  lynx  {Lynx  pardinus).  The  age  of  closure  of  canine  apical  foramen  will
be also estimated.

We  studied  89  Iberian  lynx  skulls  from  the  coUections  of  the  Estaciön  Biolögica  de
Donana,  Seville,  Spain,  the  Museo  Nacional  de  Ciencias  Naturales,  Madrid,  Spain,  and
the  Natural  History  Museum,  London,  United  Kingdom.  Most  of  the  specimens  came
from  Dofiana  National  Park  (n  =  58)  (SW  Spain),  Sierra  Morena  (n  =  10)  (SW  Spain),
and  Montes  de  Toledo  (n  =  21)  (Central  Spain).  These  three  areas  contain  approximately
75%  of  the  estimated  total  wild  population  of  this  species  (Rodriguez  and  Delibes
1992).  Dead  specimens  were  found  coincidently  with  ongoing  studies;  others  were  confis-
cated  from  poachers.  The  age  of  7  individuals  was  known,  based  on  registered  birth  dates
(within  a  month)  when  radio-tracking  after  capture  until  their  death.  We  also  knew  the
minimum  age  of  another  sample  of  14  individuals  whose  age  was  unknown  at  capture
(although  according  to  their  weight  7  were  yearlings  and  7  were  adults;  see  Beltran  and
Delibes  1993)  and  which  were  radio-tracked  until  their  death.  In  order  to  estimate  the
age  in  months  we  assumed  that  all  the  individuals  were  born  in  April.

The  lower  left  canine  was  extracted  (after  boihng  mandibles)  from  46  skulls  (Tab.  1)
and  radiographed  to  measure  pulp  cavity  at  the  point  of  its  maximum  width  and  canine
diameter  to  the  nearest  0.1  mm  using  a  caliper.  Then,  we  calculated  the  ratio  of  pulp  cav-
ity  to  canine  width  as  a  percentage.  The  open  or  closed  condition  of  apical  foramen  was
recorded  for  each  extracted  canine.  Cementum  annuli  were  counted  on  the  third  Upper  in-
cisor  (I^)  of  38  skulls.  The  incisors  were  decalcified  in  a  5%  Solution  of  nitric  acid,  sec-
tioned  at  20  |im  thickness  with  a  cryostat,  and  stained  with  Ehrlich  hematoxylin
(Klevezal  and  Kleinenberg  1967).  We  also  analysed  cementum  annuli  counts  in  57  low-
er  canines  (prepared  by  Matson's  Laboratory,  Milltown,  Montana).  Enumeration  of  ce-
mentum  annuli  from  canines  and  incisors  of  the  same  six  animals  were  compared.  Finally,
we  compared  values  of  pulp  cavity  ratios  with  age  estimates  from  counts  of  cementum  an-
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Table 1. Summary of methods applied for age determination and Iberian lynx specimens studied (n).
Specimens include a sample of known-age individuals (known birth date +/-1 month), and minimum

known-age individuals (age unknown when captured but radio tracked until death). Cemmentum annuli
enumeration was performed in all the individuals, including the radiographed sample, l^: only incisor,

C: only canine, I ' + C: incisor and canine.

null.  To  determine  whether  there  is  an  overlap  between  age-groups,  pulp  cavity  data  were
plotted  against  annuli  numbers,  instead  of  relying  on  Statistical  tests  which  might  be  mis-
leading  (Johnston  et  al.  1987).

Our  observations  on  canines  from  18  lynxes  aged  10  to  22  months  (including  5  known-
age  specimens)  indicated  that  a  closure  of  the  apical  foramen  occurs  at  an  age  of  12  to
18  months.  Incremental  cementum  annuli  were  recorded  in  67  specimens  (Fig.  1).  In  the
remaining  22  individuals,  no  fully  formed  annuli  were  observed.  The  counts  of  cementum
annuli  in  canines  and  incisors  of  the  same  animal  were  in  agreement.  The  number  of  com-
plete  cementum  annuli  ranged  between  1  and  13.  We  examined  tooth  sections  of  speci-
mens  younger  than  24  months  with  closed  apical  foramen  to  establish  the  age  of  the
formation  of  the  first  cementum  annulus.  An  annulus  in  process  of  formation  was  ob-
served  in  six  specimens  aged  18  to  22  months,  whereas  one  18-month  old  specimen  did

Fig. 1. Cementum annuli formed in a canine tooth of an Iberian lynx with a known age of 4 years from
Donana. Three annuli can be observed (1, 2 and 3).
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not  show  any  annulus.  Similarly,  a  complete  cementum  annuli  was  observed  in  four  speci-
mens  24  months  old  (estimated  age).  Finally,  one  of  two  specimens  18  months  old  (known
age) presented an annulus in process of  formation,  whereas there was no evidence of  such
a  process  in  the  other.  In  conclusion,  the  formation  of  the  first  complete  cementum  annuli
probably  Starts  around the  18th  month  of  age,  becoming apparent  around the  22th  month
and  being  completed  at  about  the  24th  month  of  age.  The  formation  period  of  this  first
complete  annulus  is  from October  to  March.

An  adult  lynx  (known  age)  born  in  spring  1985  and  dying  in  August  1989  had  three  ce-
mentum  annuli.  On  the  other  hand,  all  the  14  lynxes  radio-tracked  until  their  death  had
at  least  the  minimum  number  of  cementum  annuli  as  expected  from  their  known  mini-
mum  age.  These  observations  suggest  that  the  formation  of  annuli  occurs  on  a  yearly  ba-
sis.  The  oldest  specimen  of  our  sample  was  a  male  from  Donana.  Its  minimum  age
according  to  the  radiotracking  study  was  7  years,  but  according  to  the  enumeration  of  ce-
mentum annuli it was 14 years old.

The  canine  pulp  cavity  of  two  lynxes  of  known  age  10  and  12  months  was  73.3%  and
60.9%  of  the  canine  width,  respectively.  In  an  18-month  specimen  (known  age)  this  per-
centage  was  20.1%.  In  figure  2,  the  values  of  the  canine  pulp  cavity  ratios  and  the  ages  es-
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Fig. 2. Pulp cavity size expressed as a percentage of canine tooth width in relation to estimated age
(cementum annuli) from our sample of Iberian lynxes. ■ lynxes with estimated age, A lynxes with mini-

mum known age and • lynxes with known age.
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timated  by  enumeration  of  cementum  annuli  are  compared.  The  segregation  of  juveniles
(less  than  1  year  and  1-2  years)  from  the  remainder  is  clear.  but  it  was  not  possible  to  se-
parate age classes among the adults.

TTie  time  of  closure  of  the  canine  apical  foramen  in  the  Iberian  lynx  agrees  with  pub-
hshed  observations  in  bobcats  (Lynx  rufiis)  (Crowe  1972)  and  Canadian  lynxes  {Lynx  ca-
nadensis)  (Brand  and  Keith  1979).  Nevertheless,  in  the  Eurasian  lynx  {Lynx  lynx)  the
complete  closure  of  the  apical  foramen  appears  to  occur  at  the  12th  month  of  age  (Kvam
1984).  This  criterion  allows  the  Separation  of  Iberian  lynx  juveniles  from  the  other  ages
(see  Saunders  1963  and  Brand  and  Keith  1979  for  bobcat  and  Canadian  lynx,  respec-
tively).  Moreover,  the  method  can  be  used  on  live  anesthetized  individuals  via  a  simple
radiograph  of  their  canines.  The  canine  pulp  cavity  width  presents  similar  advantages.  It
appears  to  be  adequate  to  separate  juveniles  from  adults  also  in  bobcats  (Johnson  et  al.
1981),  some  canids  (Grue  and  Jensen  1973,  1976)  and  some  mustelids  (Jenks  et  al.  1984;
Kuehn  and  Berg  1981;  Dix  and  Strickland  1986).

The  most  accurate  method  for  an  age  determination  of  adult  Iberian  lynxes  in  years  is
the  enumeration  of  cementum  annuli.  The  annual  pattern  of  cementum  deposition,  as
well  as  the  period  of  formation  of  the  first  complete  annulus,  are  similar  to  those  detected
by  Crowe  (1972)  in  the  bobcat,  by  Brand  and  Keith  (1979)  in  the  Canadian  lynx  and  by
Kvam  (1984)  in  the  Eurasian  lynx.  Our  observations  on  specimens  of  known-age  confirm
the  reliability  of  estimating  age  in  years  by  adding  one  to  the  number  of  complete  cemen-
tum  annuh.  Some  authors  (Breitenmoser  et  al.  1993)  have  estimated  age  of  live-trapped
individuals  by  counting  the  annuli  of  an  incisor  extracted  from  anesthetized  Eurasian
lynxes,  with  no apparent  effects  on the  fitness  of  these  individuals.
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